Three-component condensation of arylglyoxals, acetylacetone and urea in EtOH in the presence of small amounts of HOAc gives rise to 5-acetyl-4-aroyl-6-methyl-3,4-dihydropyrimidinones or 5-aryl-1,3-dihydro-2H-imidazol-2-ones containing an acetylacetone fragment in position 4. (1H-Pyrazol-4-yl)-1,3-dihydro-2H-imidazol-2-one derivatives were obtained via the reaction of the latter compounds with hydrazine. Doubt is cast upon an earlier report of the formation of pyrimido-pyridazines by condensation of hydrazines with 5-acetyl-4-aroyldihydropyrimidinones.
Introduction
Functionalized 3,4-dihydropyrimidin-2-ones are important physiologically active compounds and they are widely used as blockers of calcium channels, α 1 -1-a-antagonists, antihypertensive medications, inhibitors of transmitters of fatty acids and mitotic kinesin inhibitors. [1] [2] [3] [4] [5] One of the most general approaches to the synthesis of 3,4-dihydropyrimidin-2-ones is a multicomponent Biginelli reaction 6 which includes a condensation of an aldehyde, a urea or a thiourea and 1,3-dicarbonyl compounds. [7] [8] [9] Recently there have been many reports of improved procedures with new catalysts in this reaction. [10] [11] [12] [13] [14] [15] [16] [17] [18] However, three-component reactions similar to the Biginelli condensation, in which one reagent is replaced by another one (arylaldehydes are replaced by arylglyoxals) have seldom been described. Relevant is an article by Iranian chemists, 19 in which the synthesis of 3,4-dihydropyrimidin-2-ones (1) in a three-component condensation of phenylglyoxal hydrate, urea and acetylacetone or ethyl acetoacetate is reported. At the same time these authors isolated imidazolin-2-ones (2) when dimethylurea was used with Lewis acid catalysts (AlCl 3 : ZnCl 2 in the ratio 1:3). More recently an article was published in which a number of 3,4-dihydropyrimidin-2-one derivatives in a similar condensation in the presence of tungstate sulfuric acid 20 or molybdate sulfuric acid 21, 22 were described. It is our contention that these products were misidentified.
. . . Since our group is also researching related multicomponent reactions, we here present our experimental data which demonstrate that the authors of ref. 20-22 isolated derivatives of imidazolin-2-ones in the course of the reaction in question, mistakenly identifying them as 3,4-dihydropyrimidin-2-one derivatives.
Results and Discussion
We should first of all point out that the three-component condensation involving arylglyoxal hydrates does not occur as easily as the well-known Biginelli reaction. 6, 7 The experimental conditions were widely varied in order to optimize the yields of the 3,4-dihydropyrimidin-2-one derivatives. The reactions were carried out in acetic acid, EtOH in the presence of a catalytic amount of HCl or HOAc, DMF, and solvent-free. Also we varied the catalysts: β-cyclodextrin, L-proline, FeCl 3 (Table 1) . When the reaction was carried out in acetic acid, the yield of pyrimidin-2-one (the Biginelli product) amounted to 25%, and 5-phenylimidazol-2-one was the main product of the reaction. It was also the main product when we carried out the reaction in an EtOH / HCl system, and also in the cases 4, 5. Heating the initial reagents in DMF led to a resinous residue. The best results were obtained when the reaction was carried out in EtOH with small amounts of HOAc, or i-PrOH (with FeCl 3 as a catalyst), or solvent-free. However, we obtained byproducts in the last two cases: imidazolone 7a (example 7) and product of addition 9a (example 9) respectively. Compound 9a (Ph instead of 4-BrC 6 H 4 , scheme 2) was identified by TLS. Earlier this product was isolated by us in a step-by-step process of a similar synthesis of adduct 9c (see Experimental section). So the multicomponent condensation of arylglyoxals 4a-g, 2,4-pentanedione 3 and urea 5a,b was carried out by heating for three hours in the presence of a catalytic amount of acetic acid. As a result either 4-aroyl-5-acetyl-6-methylpyrimidines 6a-d or imidazolin-2-ones 7b-d were obtained from the reaction mixture. As we can see from the experiment, the products 7а-e were synthesized in lower yields.
Scheme 1. Synthesis of products 6a-d and 7a-e.
The identification of these products presented no difficulties. The following signals are present in the NMR 1 H spectra of products 6a-d: methyl and acetyl group singlets with three proton intensity, a doublet of the methyne proton, a widened singlet of the proton of the imino group in position 3 among the signals of the aromatic protons, and a singlet of the enamine proton at approximately 9.2 ppm. For imidazolones 7а-e the following signals are characteristic: the singlet of six protons of the methyl groups of acetylacetone, the singlets of the protons of two imino groups at around 10.5-10.8 ppm and also an upfield singlet of the enol proton of the acetylacetone fragment (16.7-16.9 ppm). We have found differences in the mass-spectra of indicated compounds. There are molecular ion peaks with an intensity lower than 10 % and peak (M + -ArCO) is the most intense in the spectra of compounds 6a,b. This fragmentation is not characteristic for the mass-spectra of imidazolones 7b. The typical NMR 1 H spectra of products of type 6 and 7 are given in Figs 1 and 2. In the reaction of p-fluorophenylglyoxal 4d with urea 5b only imidazolone 7e was obtained, although it is known that N(1)-substituted 3,4-dihydropyrimidin-2-ones are formed in the condensation of N-alkylureas with aldehydes. 23 However, in other cases it is quite difficult to predict the formation of six-or five-membered rings. Additionally, the structure of 6b compound was confirmed by X-ray diffraction study ( Figure  4 ). Our experimental data show that donor substituents in the arylglyoxal fragment contribute to the formation of type 6 compounds, while acceptor substituents lead to five-membered rings. Despite the fact that the carbonyl activity of arylglyoxals 4d and 4e differs only slightly, only product 7c was isolated in the latter case. In the reaction of methylglyoxal 4g imidazolone 7d was also obtained.
We carried out step-by-step syntheses of products 6 and 7, as shown in Scheme 2. Step-by-step synthesis of products 6c and 7b.
Phenacylidene derivative 8c was obtained after reflux of diketone 3 with glyoxal 4c in EtOH. The following reflux of 8c with urea in EtOH in the presence of small amounts of HOAc led to adduct 9c. This last was further transformed in target pyrimidin-2-one 6c. The cyclization of such a Michael β-adduct can occur via the aroyl fragment (as the nitro-substituted 9b), as well which leads to imidazolin-2-one 7b.
It is likely that the higher carbonyl activity of the aroyl group (or the acetyl group in glyoxal 4g) contributes to its intramolecular cyclocondensation with the formation of a five-membered ring. The acetyl group of 2,4-pentanedione undergoes cyclization in the case of donor substituents, forming 3,4-dihydropyrimidin-2-one derivatives. We note that acceptor substituents additionally stabilize the enol form of the acetylacetone fragment via the system of conjugated bonds. As mentioned earlier, carrying out the reaction in i-PrOH in the presence of FeCl 3 is accompanied by the formation of compounds 6a and 7a (in ratio 1:2). This experimental fact can be explained by the formation of a complex of the Lewis acid with the enol form of acetylacetone, which promotes cyclization via the benzoyl fragment.
The presence of a 1,3-dicarbonyl fragment in products 7a-d makes them convenient scaffolds for the synthesis of five-membered heterocycles. So pyrazoles 10a,b were obtained in the reaction of products 7b,d with hydrazine in EtOH. The structures of the target compounds were confirmed by spectral data. 1 H NMR spectrum of compound 10b.
Conclusions
We can conclude that the pyrimido [4,5-d] pyridazines as the products of condensation of 5-аcetyl-4-aroyl-6-methyl-3,4-dihydropyrimidin-2(1H)-one with hydrazine which were described by the authors of ref. [20] [21] [22] are, in fact, 4-(3,5-dimethyl-1H-pyrazol-4-yl)-5-R-1,3-dihydro-2H-imidazol-2-ones. We note that in our experiments we did not observe the formation of a cyclic product in the reaction of compound 6a with hydrazine.
We have developed a one-pot three component process for the synthesis of functionalized 3,4-dihydropyrimidin-2-ones or imidazolin-2-ones from readily available 2,4-pentanedione, arylglyoxal hydrates, and ureas. The influence of the substituent in the arylglyoxal molecules on the course of the cyclization reaction is analyzed, allowing us to carry out regioselective syntheses of pyrimidine or imidazole rings. It is shown that the acetylacetone fragment in position 4 easily reacts with hydrazine, forming a pyrazole ring.
Experimental Section
General. IR spectra were recorded by a diffuse reflectance measurement of samples dispersed in KBr powder with Agilent Technologies Cary 630 spectrometer. A mixture of acetylacetone 3 (1mmol), the appropriate arylglyoxals 4а-g (1 mmol) and urea 5a (1 mmol) in 5 ml of EtOH with a small amount of acetic acid (5-6 drops) was heated at reflux with stirring for 3 hours. The reaction mixture was cooled and the precipitate was filtered off, the product was washed with EtOH, and recrystallized. 
5-Acetyl-4-benzoyl-6-methyl-3,4-dihydropyrimidin-2(1H)-one (6а

